Hooge et al. [1] asked the question: "Is human classification by experienced untrained observers a gold standard in fixation detection?" They conclude the answer is no. I have had a close look at their data and their report, and I find that both the data itself and the method of presentation of the data to the human raters are problematic. I think that data used to address this important question should be very high quality, and the method of presentation of the data should be optimized. The Hooge et al.
Introduction
Hooge et al. [1] studied human classification of eye-tracking data. They were specifically interested in the classification of fixations. They concluded that human fixation classification cannot be considered a gold standard. I recently had a close look at all of their eye-movement data 1 for an unrelated reason. What I saw surprised me. In my view, some of the data and analysis was unsuitable to support such an important conclusion. I felt it was important that other researchers be made aware of this.
In that paper, they provide minimal illustrations of their signals. Specifically, they illustrate one second of data, from one subject, from a total of 352.2 seconds from 70 subjects (0.28% of the recordings). In the present report, I illustrate more than 60 seconds from more than 14 subjects. 2 2 Method Details for Hooge et al. (2018) In describing their data, the authors state: arXiv:submit/3014184 [q-bio.QM] 21 Jan 2020 "Twelve experienced but untrained human coders classified fixations in 6 min of adult and infant eye-tracking data." (page 1864) Within this manuscript, we will be exclusively employing the fixation classifications of a single coder, Marcus Nyström, ("MN"). Dr. Nyström is an internationally recognized expert in eye movement classification. and the authors also state:
"The eye-tracking stimulus set consists of 70 trials of eye-tracking data measured with a Tobii TX300 at 300 Hz. We used eye-tracking data measured from the left eye. Ten of the 70 trials contained 150.1 s of eye-tracking data of two adults looking at Roy Hessels's holiday pictures taken in the arctic area around Tromsø, Norway. The other 60 trials contained 202.1 s of eye-tracking data of infants performing a search task [2] ." (page 1867) Details of the scoring are also described:
"Trials of both the adult and the infant eye-tracking datasets were presented in random order on a 24-in. TFT screen (1,920 X 1,200 pixels). The vertical axis of the position signals was fixed (respectively, 0-1,920 and 0-1,080 pixels, since measurements were done on the HD screen of the TX300). ...Each screen showed 1 s of data and contained the last 250 ms of the previous display (to provide context) and 750 ms new data at a time." (page 1867)
In a personal communication with Dr. Hooge, I was informed that:"We did not use a forehead and chinrest." Also, I made the following observations of the data: Adult data consisted of approximately 4500 samples (range: 4499 -4504, approximately 13.5 seconds). Most infant recordings (46/60) consisted of approximately 1200 samples (range: 1203 -1210, approximately 3.6 seconds), but 14/60 recordings had very short recordings (median of 312.5 samples, approximately, 0.94 seconds) with a range of 157 -769 samples. None of these 14 short recordings are plotted in the present report.
Finally, I would like to note that the word "calibration" does not appear in the original article or the readme file distributed with the data. If the eye-movement data were calibrated, it would have been useful for the authors to mention this fact and provide some details. Perhaps, because the signals are presented in pixel units rather than degrees of visual angle, no calibration was employed.
Results

Examples of Good Recordings
Some of the adult and infant recordings looked very reasonable (Figures 1 and 2) . Generally, the data from adults looked reasonable. As we will see, the infant data are more problematic. Fig. 1 . This is a good recording from an adult subject (adult-4598375979225964144). The top panel represents horizontal position, in pixels. It is scaled from 0 to 1,920, which matches the scaling [1] used for the hand classification task. The x-axis is scaled in milliseconds. The bottom panel represents vertical position, in pixels. It is scaled from 0 to 1,080, which also matches the scaling used for the hand classification task. Both plots represent approximately 13.5 seconds of data. Fig. 2 . This is a good recording from an infant subject. It plots approximately 3.6 seconds of data. The infant recordings all indicate the percent of the recording that is missing (NaN), for reasons that will be clear below. See caption for Figure 1 .
Out-of-Range Values
As noted above, for the human classification of these recordings, the eye position was represented in pixels. The horizontal position signal was scaled to go from 0-1920 pixels and the vertical position signals was scaled from 0-1080. I have found that, in some cases, a substantial amount of the signal, and in particular, the vertical position signal, is out of the presented range. Table 2 lists all of the studies where more than 100 samples were out-of-range. Figure 3 (below) illustrates 4 such cases. The red dots indicate where vertical position data is larger than 1080. In D, the blue dots represent horizontal positions larger than 1,920. The green dots represent data from the vertical channel that is less than 0.0, and thus out-of-range. The red signal and the blue signal appear to be actual eye movements and not artifact. Visualization of this data would provide a human rater with some useful additional information.
Infant Recordings with Missing Data
A large number of these recordings have a great deal of missing data. Table 2 lists the 19 of 60 infant recordings with more than 25% missing data. Figures 4 and 5 illustrate the 8 infant recordings with more than 70% missing data. 
Saccade-Based Evidence
In [1] , the authors state:
"We asked the coders to mark fixations and not saccades, however between the majority of the fixations, saccade candidates are located. To find these saccade candidates we took periods of data between fixations with durations shorter than 100 ms and no data loss. This duration criterion is a liberal one; large 30 degree saccades last about 100 ms [3] . From here on, we will refer to these intervals as saccade instead of saccade candidate." (page 1881)
The authors then go on to treat this "saccade" data as if the saccades were marked by expert human raters. They argue that disagreements between human coders in classifying these "saccades" is further evidence that human classification is not a gold standard. I had a close look at these "saccades." I use the same criteria as above (durations shorter than 100 ms and no data loss). (I included such events that ended the recording.)
Of the 540 events, there were a number of candidate saccades that had very non-saccade-like trajectories. To detect such events automatically I followed the steps in Algorithm 1. See Figure 6 for 3 illustrations of this procedure. Figure 6B , lower panel, black line) 4. Use [4] to estimate the form of a theoretical saccade, using the time and amplitude of the radial saccade.
( Figure 6B , lower panel, red line) 2 5. Zscore transform both the radial saccade and the theoretical saccade. 6. Subtract the theoretical saccade position values from the radial saccade position values and save them as residuals. 7. Sum the absolute value of the residuals and divide by the number of samples to get a Residual-Per-Sample metric for each candidate saccade. 8. Sort candidate saccades by their Residual-Per-Sample metric. 9. Illustrate some well formed and poorly formed saccades found in this way ( Figure 6 ). 10. Plot the trajectories of all 540 "saccades" sorted by the decreasing Residual-Per-Sample metric 3 . (Figure 7) 3 I took the zscore of both the radial saccade and the theoretical saccade (Step 5 in the above algorithm) because I was not interested in finding events that were too large or too small, but events which differed in terms of the shape of the saccades. In the case of the event displayed in Figure 6 (C and D) , there is no evidence of a saccade. In the case of Figure 6 (E and F), there is a saccade but its start and end are obviously marked incorrectly. This was true in many of the "saccades" indicated by this coder's fixations (MN). Figure 7 shows the third of 90 pages presenting all the 540 saccades (6 saccades per page) 4 . The third page was chosen for illustration based on the variety of trajectories. There is no evidence of a saccade in panels A and B. Panels C and D contain saccades, but no expert human rater would ever mark these saccades to include all of the signal in these plots. At least 3 of them start too soon and all of them end much too late. I have looked at every saccade based on coder MN's data. I may not be a an international expert on saccades, but I have spent a lot of time marking the starts and ends of saccades in such recordings. I would not consider any of saccades on the first 58 of 90 pages to be properly marked. I did find one reasonably properly marked saccade on 14 different pages (59, 64, 65, 68, 69, 72, 75, 76, 83, 84, 85, 88, 89, 90) . That is, I agree with the chosen starts and ends of these saccades in 14/540 cases (2.6%). Obviously, different coders may find more or fewer events to be properly marked. Readers are encouraged to try this for themselves. But, in my opinion, there is no way that any eye movement expert would ever consider that more than 10% of these events to be properly marked saccades. . This page was chosen for illustrative purposes. All of the pages are available (see footnote 3). The first 2 events, A and B, are not saccades.
The other panels C-F contain saccades, but the start and end of these events are clearly not correct.
Mismarks
There are a number of "fixations", as indicated by coder MN (the only coder examined) that contain obvious saccades (Figures 8, 9 , and 10). No eye movement expert would ever intentionally include such saccades in fixations. There must be some kind of mistake. To find these I found the maximum change in the horizontal direction and the vertical direction during each fixation. I then expressed this as a percentage of the range of each signal (Hor: 0-1920, Ver: 0-1080). Fixations with any missing data were not included in this analysis. For one study in particular ( Figure 10 ), 21 of 37 fixations had percent changes greater than 5% (for vertical, 23/37). The majority of "fixations" marked in this data set have obvious saccades in them ( Figure 10 ). 
Discussion
If I were trying to answer the question: "Is human classification by experienced untrained observers a gold standard in fixation detection?" I would not use data from infants. Some of the infant data look scorable, but too much of it is problematic. And this is such an ususal case -the vast majority of eye movement studies are conducted in adults.
A PubMed search of all papers with the phrase "eye movement" in the title produces 2562 article listings. The same search with the word infant anywhere in the title, abstract or article meta-data produced 70 articles, or 2.73%. 5 I would try to conduct the study using the highest quality data I could find. If I still concluded that human classification was not good enough, this would be more convincing to the research community. Otherwise, my work would be open to the criticism that the human raters might have done better with better data. I would collect my data with both head and chin restraint. Such restraint will minimize head movements and keep the participant in focal range of the video camera. I understand that this might be impossible with infants -all the more reason not to use this population. I would present my position signals in degrees of visual angle, rather than pixels. Units of degrees of visual angle are comparable across different eye tracking devices, and are the eye position units most commonly employed in viewing eye movement signals, in my experience. These units do provide additional information for coders, which is in keeping with giving the human coders the best chance to be a gold standard. My colleagues and I have also found that scaling both the horizontal and vertical channel to have exactly the same range of visual angle is also useful for a human coder making judgements about the presence and timing of saccades. I would also try to be as transparent as possible about the data quality of my study, and include a number of figures illustrating the range of quality of the recordings.
I would present my data so that all of the recorded signal that was not artifactual was displayed. I think the out-of-range signal problem was probably related to the lack of head restraint. (Perhaps some sort of calibration procedure might have prevented this problem.) I would certainly not include subjects with more than 50% missing data. I note that in the algorithm of [5] 6 , records with more than 20% missing data were marked as "noise trials". If 46 of 60 subjects had complete data (3.6 seconds) and 14 had, on average, less than 1/3 of a complete data set (median 0.9 seconds), I would exclude those short recordings.
The authors of [1] considered certain inter-fixation periods as if they were human-classified saccades. They then note that the minimum saccade amplitude thresholds for these events varied between coders. This is taken as evidence consistent with the notion that human raters are not a gold standard. I have shown that the vast majority of these inter-fixation periods are simply not properly marked saccades. Therefore, the section in [1] entitled "Modelled parameters: Minimum saccade amplitude" and the associated data presented in Figure 5 of [1] are wholly without merit or meaning.
There are a number of "fixaton" periods, as labelled by coder MN, that clearly have saccades in them. No expert human rater would mark events with these clear saccades in them as periods of fixation. Something has gone wrong here and it needs to be tracked down.
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